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APPARATUS AND METHOD FOR FORMING A MONOLITHIC 
SURFACE -MOUNTABLE ANTENNA 

[0001] This application claims the benefit of the provisional patent application, entitled 
Apparatus and Method for Forming a Monolithic Surface-Mountable Antenna filed on 
August 22, 2002 and assigned application number 60/405,039. 
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FIELD OF THE INVENTION 

im2] The invent is disced generaUy «o - an,enna for — g an 
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BACKGROUND OF THE INVENTION 

[0003] It is generally known that antenna performance is dependent on the size, shape, 
and the material composition of constituent antenna elements, as well as the relationship 
between the wavelength of the received/transmitted signal and certain antenna physical 
parameters (that is, length for a linear antenna and diameter for a loop antenna). These 
relationships and physical parameters determine several antenna performance 
characteristics, including: input impedance, gain, directivity, signal polarization and 
radiation pattern. Generally, for an operable antenna, a minimum physical antenna 
dimension (or the electrically effective minimum dimension) must be on the order of a 
quarter wavelength (or a multiple thereof) of the operating frequency to limit the energy 
dissipated in resistive losses and maximize the energy transmitted. Quarter and half 
wavelength antennas are the most commonly used. 

[0004] The burgeoning growth of wireless communications devices and systems has 
created a need for physically smaller, less obtrusive and more efficient antennas that are 
capable of wide bandwidth operation, multiple frequency band operation and/or 
operation in multiple modes (e.g., selectable signal polarizations and selectable radiation 
patterns). The smaller packaging envelopes of current handheld communications devices 
do not provide sufficient space for the conventional quarter and half wavelength 
antennas. Thus physically smaller antennas operating in the frequency bands of interest 
and providing the other desirable antenna operating properties (input impedance, 
radiation pattern, signal polarizations, etc.) are especially sought after. 
[0005] Also as is known to those skilled in the art, there is a direct relationship between 
antenna gain and antenna physical size. Increased gain requires a physically larger 
antenna, while users continue to demand physically smaller antennas. 
[0006] United States Patent number 3,967,276 describes an antenna structure (the so 
called "Goubau" antenna) comprising four elongated conductors 1, 2, 3 and 4 (see Figure 
1) having dimensions and spacing that are small compared to a wavelength at the applied 
signal frequency. The conductors are oriented perpendicular to a ground plane 13 with 
an upper end of each conductor terminated in a conductive plate, identified in Figure 1 
by reference characters 5, 6, 7 and 8. The plates 6, 7 and 8 are oriented parallel to and 
electrically connected to the ground plane 13 via the conductors 2, 3 and 4. The plate 5 
is connected to a signal source (in the transmitting mode) via a conductor 1. In the 
receiving mode a received signal is supplied to receiving circuitry (not shown), operative 
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with the antenna, via the conductor 1. The plates 5, 6, 7 and 8 are interconnected by 
inductive elements 9, 10, 11 and 12. The plates 1, 2, 3 and 4 and the inductive elements 
9, 10, 11 and 12 can be dimensioned and spaced such that the effective electrical length 
of the antenna is four times the physical height. For example, if the physical height is 
2.67 inches and the wavelength is 60 cm (a frequency of 500 MHz), the effective 
electrical length is 10.7 cm and the radiation resistance is 50 ohms. Thus the antenna will 
be balanced to the conventional 50 ohm coaxial cable transmission line. Generally, the 
plates of such antennas are constructed from sheet metal material, with the elongated 
conductors comprising conductive wire. These embodiments are relatively expensive to 
fabricate and clearly are not suitable for use with handheld communications devices. 
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BRIEF SUMMARY OF THE INVENTION 

[00071 An antenna compnse, in stacked relation, a ground plane, a dielectric layer and 
. plurality of conducive region, At, intermediate layer comprising a conductor segrnen. 
i. disposed between the ground plane aud me phnality of conducrive regtons. A 
conducrive ground via is connected betwem at least one of the plurahty of conduce 
regtons and the ground plane A conducrive stgnal vta is connected to one of the 
phnahty of conducrive regions. The ground and the signal vtas are electricaUy connected 
to the conductor segment. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The features of the antenna constructed according to the teachings of the 
present invention will be apparent from the following more particular description of the 
invention, as illustrated in the accompanying drawings, in which like reference characters 
refer to the same parts throughout the different figures. The drawings are not necessarily 
to scale, emphasis instead being placed upon illustrating the principles of the invention. 
[0009] Figure 1 illustrates a prior art Goubau antenna. 

[0010] Figure 2 illustrates an antenna constructed according to the teachings of the 
present invention. 

[0011] Figure 3 illustrates a top view of a conductive layer of the antenna of Figure 2. 
[0012] Figure 4 is a bottom view of the antenna of Figure 2. 
[0013] Figure 5 is a top view of a conductive mid-layer of the antenna of Figure 2. 
[0014] Figure 6 is an exploded view of the antenna of Figure 1 and a printed circuit 
board on which the antenna is mounted. 

[0015] Figures 7-10 illustrate views of an antenna constructed according to another 
embodiment of the present invention. 

[0016] Figure 11 is a perspective view of an antenna constructed according to yet 
another embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0017] Before describing in detail the particular antenna and method for forming the 
antenna in accordance with the present invention, it should be observed that the present 
invention resides primarily in a novel and non-obvious combination of elements and 
method steps. Accordingly, the elements have been represented by conventional 
elements in the drawings, showing only those specific detail's that are pertinent to the 
present invention, so as not to obscure the disclosure with structural details that will be 
readily apparent to those skilled in the art having the benefit of the description herein. 
[0018] The present invention implements the so called "Goubau" antenna described 
above in a printed circuit board embodiment, resulting in a low cost, monolithic, surface 
mountable, antenna conveniently mountable on various substrates that carry transmitting 
and receiving devices operative with the antenna. For example, an antenna constructed 
according to the teachings of the present invention can be mounted on a laptop 
computer PCMCIA card that provides the laptop computer with wireless 
communications capabilities. 

[0019] Figure 2 is a perspective view of an antenna 18 constructed according to the 
teachings of the present invention. The antenna 18 comprises in stacked relation a 
ground plane 20, a dielectric layer 22, a conductive intermediate layer 24, a dielectric layer 
26 and a top layer 28. The top layer 28 comprises a plurality of spaced apart conductive 
regions or sectors 28A through 28D. Two opposing regions 28A and 28C are each 
electrically connected to the ground plane 20 by way of a conductive ground via 30 and 
31, respectively. Two opposing regions 28B and 28D are each connected to a conductive 
signal via 32 and 33, respectively. The signal vias 32 and 33 are responsive to a signal 
feed (not shown) for providing a signal to be transmitted when the antenna 18 is 
operative in a transmitting mode, and for providing a received signal when the antenna 
18 is operative in the receiving mode. In the transmitting mode, the vias 30-33 are the 
primary radiating elements. In the receiving mode, they are the primary receiving 
elements. The conductive ground vias 30 and 31 and the conductive signal vias 32 and 
33 are interconnected in the conductive intermediate layer 24, as will be described further 
below. 

[0020] The conductive regions 28A-28D provide top loading for the antenna 18 to 
reduce the physical antenna height The use of top loading and conductive ground vias 
30 and 31 allows the antenna 18 to match to a 50 ohms impedance with an antenna 
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height (or length) less than the typical quarter-wavelength monopole antenna. All of the 
various antenna embodiments described herein provide these beneficial operating 
characteristics. Although the conductive regions 28A-28D are illustrated as sectors 
derived from a circle, this geometry is merely exemplary. The regions 28A-28D can be 
implemented with other closed curves, including closed plane figures having a boundary 
selected from among straight lines and curves. The illustrated circular sectors each 
comprise two intersecting line segments with an arc connecting the non-intersecting 
endpoints of the line segments. An apex or tip region is defined at the intersection of the 
two line segments. 

[0021] The ground plane 20, the conductive intermediate layer 26 and the top layer 28 
are formed from conductive material layers disposed on dielectric substrates, such as 
copper-clad printed circuit board material (also referred to as FR4). The conductive 
material layers are patterned, masked and etched to form the desired features of the 
ground plane 20, the conductive intermediate layer 26 and the top layer 28. Thus the 
antenna 18 can be fabricated by employing conventional single and multilayer printed 
circuit board fabrication techniques. 

[0022] For example, a first double-clad dielectric substrate is processed to form the 
features of the ground plane 20 and the conductive intermediate layer 26. A second 
single-clad dielectric substrate is processed to form the features of the top layer 28. A 
thin adhesive bonding layer is applied to one or both of the mating surfaces of the two 
dielectric substrates (that is, the conductive intermediate layer 26 of the first dielectric 
substrate and a bottom surface of the second dielectric substrate). The two dielectric 
substrates are brought into contact and pressure is applied to form the antenna 18. 
[0023] Figure 3 is a top view of the top layer 28. As illustrated in Figure 3 the signal 
vias 32 and 33 are slighdy smaller in diameter than the ground vias 30 and 31, although 
this is not necessarily required for operation of the antenna 18. The size and location of 
the signal vias and the ground vias can vary in different embodiments of the present 
invention to optimize impedance matching of the antenna 18 to the 
transmitting/receiving circuitry. In addition to the configuration illustrated in Figure 3, 
there may be other combinations of via location and size, for both the signal vias and the 
ground vias that will produce an acceptable value of antenna impedance. 
[0024] Further, although four conductive regions 28A-28D are illustrated, other 
embodiments can have more or fewer conductive regions and corresponding desirable 
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antenna operating characteristics. For example, the antenna radiation resistance is a 
direct function of the square of the number of regions. As the radiation resistance 
increases relative to the antenna reactance (where the reactance represents the energy 
stored in the antenna and not radiated), the Q factor of the antenna declines and the 
operational bandwidth increases. If this is a desirable antenna characteristic, the number 
of conductive regions can be increased to achieve the desired radiation resistance. 
[0025] Figure 4 is a bottom view of the antenna 18, illustrating the ground plane 20, 
the ground vias 30 and 31 and the signal vias 32 and 33. As can be seen, there is a region 
40, surrounding the signal vias 32 and 33, from which conductive material forming the 
ground plane 20 has been removed. Within the region 40 a conductive pad 41 
interconnects the signal vias 32 and 33 and functions as a signal feed. Thus in the 
transmitting mode a signal is supplied to the antenna 18 between the ground plane 20 
and the signal vias 32 and 33 (which are electrically identical to the conductive pad 41). 
In the receiving mode the received signal is supplied to receiving circuitry (not shown) at 
these same two signal vias 32 and 33. 

[0026] Figure 5 is a top view of the conductive intermediate layer 24, including a 
conductive trace 42 (in this embodiment the trace 42 is in the shape of a ring) providing 
inductive coupling between the ground vias 30 and 31 and the signal vias 32 and 33. 
Other techniques for inductively coupling the ground vias 30 and 31 and the signal vias 
32 and 33 are known in the art 

[0027] In another embodiment of the antenna 18, the ground plane 20 is absent. The 
ground vias 30 and 31 and signal vias 32 and 33 terminate at a bottom surface of the 
dielectric layer 22. The ground vias 30 and 31 are adapted for electrical connection to a 
ground plane or ground surface formed on a printed circuit board or other substrate to 
which the antenna 18 is attached. Similarly, the signal vias 32 and 33 are adapted for 
electrical connection to signal traces or conductive features on the printed circuit board 
or substrate. 

[0028] Figure 6 is an exploded view of the antenna 18, a printed circuit board 44 on 
which the antenna 18 is mounted, and a connector 50. The antenna 18 is surface 
mounted on the printed circuit board 44, with the top layer 28 oriented up, using known 
solder reflow or other techniques for physically joining the antenna 18 to the board 44 
while also ensuring that the appropriate electrical connections are effected between 
elements on the board 44 and the elements of the antenna 18. 
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[0029] The ground vias 30 and 31 are electrically joined to a ground plane 45 on the 
board 44 by the aforementioned solder reflow techniques. The signal vias 32 and 33 are 
electrically joined to an electrical trace 46, that is further connected to an electrical trace 
(not shown) on the underside of the printed circuit board 44 through vias 47. The 
underside trace terminates at an edge 48 of the printed circuit board 44 for connection to 
a terrninal 49 of the connector 50. Thus the signal is supplied to the antenna 18 through 
the connector 50 when operative in the transmitting mode and a received signal is 
supplied to the connector 50 from the antenna 18 when operative in the receiving mode. 
{0030] Each pair of fingers 51 defines a slot 52 there between for engaging the edge 48, 
and further for contacting a ground surface on the hidden side of the printed circuit 
board 44. Vias 57 connect the ground plane 45 to the ground surface on the hidden side 
of the printed circuit board 44. 

[0031] Figure 6 represents one mounting system for the antenna 18. Those skilled in 
the art recognize that other mounting systems, as determined by the design of the 
wireless device with which the antenna operates, can be employed with the antenna 18. 
Additionally, the mounting features of the antenna 18, such as the location of the signal 
vias 32 and 33 may require modification to accommodate the wireless device design. 
[0032] Figures 7, 8 and 9 illustrate another embodiment of the present invention in the 
form of an antenna 60. The Figure 7 top view depicts a top layer 62 comprising four 
conductive segments 64A-64D, conductive signal vias 66 and conductive ground vias 68. 
A ground plane 70, comprising a conductive surface, is illustrated in the bottom view of 
Figure 8. The conductive material has been removed within a region 72 of the ground 
plane 70 such that an interconnecting elongated pad 73 is formed within the region 72 to 
connect the two signal vias 66. A dielectric layer 74 is disposed between the ground 
plane 70 and the top layer 62 as shown in the side view of Figure 9 (looking from the 
right side of the Figure 7 top view). Three of the four conductive vias (the fourth being 
obscured) are also visible in phantom in Figure 9. 

[0033] Figure 10 is a top view illustrating the shape of the dielectric layer 74, 
comprising a center circular portion 76 and two wings 78 extending radially therefrom. 
These elements are also shown in phantom in Figures 7 and 8. 

[0034] The signal vias 66 and the ground vias 68 are electrically connected by a circular 
conductive trace, similar to the conductive trace 42 of Figure 5, within the dielectric ring 
portion 76. Since the only dielectric material of the middle layer 74 comprises the ring 
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portion 76 and the wings 78, there is considerably less dielectric material in the antenna 
60 than in the antenna 18. Thus the bandwidth of the antenna 60 is greater than the 
bandwidth of the antenna 18. The antenna 60 constructed according to the teachings of 
one embodiment of the present invention exhibits a bandwidth of about 800 MHz at an 
operating resonant frequency of about 5 GHz. 

[0035] Advantageously, fabrication of the various antenna embodiments described 
herein follows conventional printed circuit board fabrication techniques. For example, 
the conductive regions are formed for the intermediate layer 24 and a stack comprising 
the dielectric layers and the conductive layers is formed. Typically, the dielectric layers 
comprise a dielectric substrate having a conductive layer disposed thereon. Holes are 
drilled and plated to form the signal and the ground conductive vias. The top and 
bottom surfaces (that is, with respect to the various embodiments described herein, the 
top layer or plate and the ground plane) are patterned and etched. The solder mask 
material is then applied for use during the surface mounting process. For the 
embodiment of Figures 7, 8, 9 and 10, certain regions of the inner dielectric material are 
removed by routing, for example. 

[0036] Figure 11 illustrates a perspective view of an antenna 100 constructed according 
to another embodiment of the present invention, including a top plate 102 and a ground 
plane 104, separated by a dielectric layer 105. The dielectric loading of the antenna 100 is 
reduced by a plurality of holes 106 (by way of example, four holes 106 are illustrated in 
Figure 10, but the illustration of four holes is not intended to suggest a limitation as to 
the number of holes that can be formed) extending through the top plate 102, the 
dielectric layer 105 and the ground plane 104. The holes 106 are not plated-through 
conductors. Conductive ground vias 108 extend between and interconnect the top plate 
102 and the ground plane 104. Conductive signal vias 110 are electrically connected to 
the top plate 102, and extend to but are insulated from the ground plane 104. 
[0037] The signal vias 110 are interconnected in the plane of the ground plane 104, for 
example using a technique similar to the interconnection scheme of Figure 4 with respect 
to the antenna 18. That is, the signal vias 110 are isolated from the conductive material 
forming the ground plane 104 and interconnected with a separate conductive feature. 
The signal vias 110 can be connected to a signal carrying conductor, for example 
comprising a conductive trace formed on a dielectric substrate, by techniques explained 
above in conjunction with Figure 6 or according to other techniques known in the art. 
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[0038] In the embodiment of the antenna 100 an intermediate conductive layer, such as 
the conductive intermediate layer 24 of Figure 2, is absent. The interconnection between 
the ground vias 108 and the signal vias 110 occurs in the top plate 102. 
[0039] In one exemplary embodiment the antenna 100 operates at a resonant frequency 
of about 5 GHz with a bandwidth of about 300 MHz. 

[0040] In one embodiment, the antenna 100 is formed from two layers, each 
comprising a conductive sheet disposed on a dielectric substrate. The two dielectric 
substrates are bonded together such that the outside layers comprise the top plate 102 
and the ground plane 104. The ground vias 108, the signal vias 110 and the holes 106 are 
formed therein as shown in Figure 10. The top plate 102 and the ground plane 104 are 
patterned and etched as required. 

[0041] According to another embodiment of the antenna 100, the ground plane 104 is 
absent. Thus the ground vias 108 and signal vias 110 terminate at a bottom surface of 
the dielectric layer 105. The ground vias 108 are adapted for electrical connection to a 
ground plane or ground surface formed on a printed circuit board or other substrate to 
which the antenna 100 is attached. Similarly, the signal vias 110 are adapted for electrical 
connection to signal traces or other signal carrying conductive features on the printed 
circuit board or substrate. 

[0042] The radiation pattern of the antennas 18, 60 and 100 are substantially 
omnidirectional in the azimuth plane, i.e., the donut pattern, since most of the energy is 
radiated from the antenna edges and the ground and signal vias of each antenna. Little 
energy is radiated from the various conductive features on the top surface of the 
antennas 18, 60 and 100 and from their respective ground planes. The signal is vertically 
polarized. 

[0043] The dimensions and shapes of the various antennas and their respective features 
as described herein can be modified to permit operation in desired frequency bands with 
desired operational bandwidths. The radiation patterns can be modified by relocating 
various antenna components to an asymmetrical geometry. Generally, changing the size 
of the various features changes only the antenna resonant frequency. 
[0044] The design attributes of the various antenna embodiments described above 
allow their assembly onto a printed circuit board using the same pick, place and refiow 
solder techniques used for other printed circuit board components. Considerable 
manufacturing savings thus accrue in the board manufacturing process. According to 
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certain prior art techniques, antenna elements are etched into the printed circuit board 
artwork and thus cannot be modified without considerable expense. Other prior art 
antennas require hand soldering of connectors and cable assemblies to the printed circuit 
board, all of which are labor intensive manufacturing techniques. The teachings of the 
present invention avoid these difficulties and expenses. 

[0045] Although the embodiments described above refer to four conductive vias the 
scope of the present invention is not so limited. Antennas within the scope of the 
present invention can be constructed from more or fewer vias extending upwardly from 
the ground plane, or extending from the bottom surface of the antenna in an 
embodiments where a ground plane is disposed on the substrate to which the antenna is 
mounted. Generally, the lower end of all but one via is connected to the ground plane, 
either the antenna ground plane or a ground plane on the mounting surface, with the 
unconnected via forming the antenna signal feed. Generally, each via is terminated in a 
capacitive element at an upper end (i.e., the end spaced apart from the ground plane) and 
inductively coupled to the other conductive vias. 

[0046] Additionally, if all the antenna elements are symmetrical with respect to a central 
antenna axis and similarly dimensioned, the radiation partem is substantially symmetrical. 
Asymmetrical and/or non-uniform features can produce other desired operating 
characteristics. For example, it is not required that all of the conductive regions 28A- 
28D have the same shape 

[0047] In still another embodiment the antenna ground plane (for example, the ground 
plane 20 of Figure 2) is replaced by a structure substantially similar to the top plate 28, 
resulting in a dipole antenna instead of a monopole antenna above a ground plane. 
[0048] While the invention has been described with reference to preferred 
embodiments, it will be understood by those skilled in the art that various changes may 
be made and equivalent elements may be substituted for elements thereof without 
departing from the scope of the present invention. The scope of the present invention 
further includes any combination of the elements from the various embodiments set 
forth herein. In addition, modifications may be made to adapt a particular situation to 
the teachings of the present invention without departing from its essential scope thereof. 
For example, different sized and shaped elements can be employed to form an antenna 
according to the teachings of the present invention. Therefore, it is intended that the 
invention not be limited to the particular embodiment disclosed as the best mode 
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contemplated for carrying out this invention, but that the invention will include all 
embodiments falling within the scope of the appended claims. 
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